Just returning from the International Solid Waste Association (ISWA) annual World Congress in Baltimore in the United States, and again having heard about all the waste-related challenges of our society, I wonder about the best focus for solving wasterelated problems by setting interventions aimed at reducing or even preventing pollution and wasting of resources.
The 3R concept (reduce-reuse-recycle) is becoming recognised around the world as an important guiding principle for realising sound waste management solutions. But this approach will only enable improvements up to a certain point, even if programmes are perfectly implemented. Once this point is reached, we will get stuck and will not be able to further improve the situation by installing practical additional and sustainable material flow loops that help to reduce resource consumption and emissions along the value chain of extraction and processing of primary resources. The installation of functioning material loops is one of the main goals of the circular economy package currently under discussion in the European Union. When pursuing steps to attain that goal we must be well aware that:
• • it is not only about finding technical solutions to recycle but that; • • we also have to make sure to put in place the right regulatory framework to allow for the utilisation of secondary resources, while still making sure; • • to prevent harmful substances to remain and potentially accumulate in these material loops.
In order to really get there we -as those who deal with recyclables and waste -must strive to participate in the production sector and thereby feedback our accumulated knowledge about the recyclability of products or problems down the recycling chain to those responsible for bringing products to the market. Putting efforts into optimising collection, processing and treatment of recyclables and waste is not enough; we need to reach out to the production sector and help them create products that are optimally recyclable to the highest possible extent once consumers decide to generate their end-of-life products as waste. The whole set of regulatory tools to achieve that goal must be applied. These tools include bans of the use of certain materials for certain applications, bans for material combinations that impede post-consumer recycling, and even economical instruments like tax policies that financially incentivise production of more easily recyclable goods and discourage use of hard-to-recycle goods.
In order to make these feedback loops work, waste managers must not only look at the current waste generated, but also specifically act proactively and be aware of the challenges future waste streams might bring to the sector. Even more than that, end-of life management aspects must become an integral part of product design. As opposed to being just an unwanted add-on for product developer, the end-of life management phase of products must become decisive with regard to what products may enter the market.
Let us examine the role of sustainable material loops using plastic waste as an example. Owing to the quantities of plastics waste and associated waste management challenges, this material warrants special attention.
Plastic has become a very important and widely used material in many consumer and industrial products. It is used for shortlived single-use purposes in our daily life, such as for packaging, and for longer lasting products, such as the casing of appliances, automotive parts, and pipes, windows and the like in the construction sector. Any of those applications demand specific product attributes in order to fulfil the functionality needed and any one of those has different implications with regard to product lifetime and the pathway these products follow en route to their end-of-life phase. These and other factors directly affect the recyclability of a particular plastic, and the ability to install a sustainable material loop to capture that material for recycling.
There are well established post-consumer recycling loops in many parts of the world for materials such as glass, metal, and paper (including cardboard); but this is not yet the case for many types of plastics. This is owing, at least in part, to the variety of plastics in commerce, and the range of applications plastics are being used for. This results in a higher complexity of collection and recycling processes. The comparably low recycling rate of plastics is also caused by the absence of functioning feedbackloops that make it very difficult to come up with high-quality recycling plastics.
A crucial aspect of recycling is the quality of recyclables. Material loops can only effectively be implemented when the quality of secondary material becomes comparable with primary material, and secondary material therefore can fully replace primary material without impairing the quality of the primary products. Production of lower-than-optimal quality recyclables might help reduce waste disposal in the short term, but ambitious local and national recycling targets can only be met when recycling systems consistently produce high-quality secondary materials, thereby conserving the value of the original material and enabling the substitution of primary material.
To establish this type of functioning and robust material loop for plastics demands that (1) as much plastic waste enters the What is the real scope of waste management?
Editorial recycling chain as possible (allowing to achieve quantity-related targets), but on the other hand (2) the collection and recycling systems must be able to separate the 'good = recyclable' plastic from the 'bad = non-recyclable' plastic and other impurities always prevalent in collected waste streams (thereby allowing for high-quality secondary material appropriate for the substitution of primary material).
The former -point (1) -is predetermining whether a recycling rate that has been set may even be achievable. For example, the European Union strives for increasing the recycling rate of plastics from 22.5% (the current required recycling rate) up to 55% of the market input within the next 7 years. Collection and recycling systems that were set up primarily aiming at the quality of recyclables (like the Austrian 'Altstoff Recycling Austria' (ARA) -Extended Producer Responsibility (EPR) -system) will not be able to achieve the quantitative target and thereby must be adjusted accordingly.
The latter -point (2) -is decisive with regard to creating push-or pull-markets. Based on my experience I would assess that -even though recycled plastic is not yet widely used by primary producers as a replacement of virgin materials -demand starts to grow as big global players like IKEA and others have implemented strategical goals of plastics recycling in their corporate strategy. Nevertheless, this can only be implemented in a reasonable way, when the quality of recyclables is good enough to allow for replacing primary material. If this is achieved, the creation of a pull-market is likely; if not, the recycling rate in discussion is likely to create a push-market. In that case, secondary material would enter the market without sufficient demand; an unsustainable market situation.
So, we see quality of recycled material is crucial when it comes to establishing material loops. But how can high-quality recyclables be consistently produced?
I would like to break it down to three points, which are of equal importance and therefore any one of these needs attention.
1. We need to make sure that products that are brought to the market are recyclable. Materials and material combinations that pose problems down the recycling chain must be banned or must face significant economical disadvantages (for example higher participation fee in EPR-schemes). 2. We need to set up collection systems in a way to get hold of as much of the plastics waste as possible on one hand, and on the other hand still prevent unwanted impurities detrimental to recycling from entering the recycling chain at any point. 3. We need robust processing plants that are able to deal with impurities in the feed and still provide high-quality secondary material that the market demands.
In order for the whole system to work, close interactions between the producing and the waste management sectors are needed. Robust information loops must be implemented and used to gain all the relevant information down the value chain and feed it back to become part of the design decisions during the production stage. Only this will allow for a pro-active and future-oriented waste collection and recycling system capable of implementing a sustainable material loop for plastics. The ISWA and Waste Management & Research are aware of the importance of feedback loops between end-of-life management of products, materials usage in commerce, and productdesign. Although from the legislation and policy point of view the product and waste sectors are still two completely different spheres, the two sectors must collaborate to install appropriate and feasible material loops, which can only be achieved when the end-of-life management and the problems connected to the endof-life management become major drivers for product design.
We strongly appeal for researchers to contribute towards improving waste management all over the world. The submission of manuscripts to Waste Management & Research dealing with the challenges of installing sustainable material loops are most welcome as contributions to a fruitful scientifically based discussion on tackling this prominent challenge of our society.
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